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(57) Abstract: A small -sized lightweight electron 
accelerator (2, 40, 60) providing a strong electron 
beam and using fixed-field strong focusing, 
comprising a vacuum vessel (10), an electromagnet 
(20) disposed in the vacuum vessel (10), an 
electron beam injecting unit (11) for injecting 
an electron beam into the vacuum vessel (10), an 
accelerator (13) for accelerating the electron beam, 
and an electron beam transporting unit (26) for 
transporting the accelerated electron beam from 
the vacuum vessel (10). The electromagnet (20) 
is a strong-focusing electromagnet composed of a 
focusing electromagnet (21) and diverging electro- 
magnets (22) disposed on both sides of the focusing 
electromagnet (21), or composed of a focusing 
electromagnet (21) and diverging units disposed on 
both sides of the focusing electromagnet (21). An 
inner target (25) for generating X-ray radiation is 
disposed in the vacuum vessel (10) immediately in 
front of the electron beam transporting unit (26) so 
as to selectively take out the accelerated beam and 
the X-ray radiation. Thus an electron beam of 1 to 
10 mA that is 10 or more times that of conventional 
electron beam accelerators can be produced with 
an accelerating voltage of 10 MeV. Consequently 
a radiotherapy apparatus (1) capable of applying an 
electron beam to a tumor tissue in a short time that 
is 1/10 or less of conventional ones. 
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N OMe V^im-t^tzmz^ ^ $ & 2 mig^f$ <5> (#R 

> TIS^^ 3 #M) o 

#»j3o*p^tituT. 1 9 5 a^^B^^M^j; <oM.mztitzmimM 

mmmm^ (F F GAJPMH :Fixed Field Alternat 
ive Gradient #Di£&) (Tf3^fF:£ii* 1 #M) „ F F G A 

iPJIilte. ®?e-A^i:0^(DJjxm{i:«fe^^^-r'?.. mil. 3«i£llf& 

L^L&;6^ FFGA^P^ti. iim^^©^7K^ti§«^m^^^ 

^^ap^ffl©»*p^ffloF f AGmm.(Dm^tm f fm=st>ti^ & o 

£fc. m^ZM 5 tcfc^T, ^ha ViP^g^rffl V^cF F AGl^ifljl 

*K FFAGa^P^lfg^^O^^^X-rtOTni^^. 
if#rF5:M 1 : #P^¥ 1 0 - 6 4 7 0 0^# (IH4 JS> H 1 ) 
#!£>CiiK2 : ili¥0 7 - 1 6 9 6 0 0-^-^ (B2-3K. UK 2) 
mttMZ : m$2 0 0 1 - 2 1 6 9 9^-^ (SH2H) 
m^MA : ^ 2 0 0 2 - 1 1 0 4 0 O^ZM (SH 1 ~ 2H) 
#l£>atK 5 : 2003-15934 2^^ (Ifl 1 ~ 2H) 
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ent) Proton Syncrotron", 1999, The 12th Syposium on Accelerator Science 
and Technology, pp. 81-83 

3m%?$M 3 : tpm mRZfK EKFFAG n$0 MeV Fixed Fi 

eld Alternative Gradient (FFAG) Accelerator J 2 0 0 2*£9J=U Wf-lffiR&i 
Vol.47, No. 4, pp. 91-101 

omimnMizfrfr & *mw& < Bm^nm tt^^tz<o^ mmm k «fc * mm 
m i-tzffifemmmztt^T^ mmmiz^^tzmM^mmr^ k> , m%mm£.$> 

fr\ Vftft&D&8<Z> 2 HS&mtefcfLT 1 0 m~$t lOm^f), Mfi& 1 0 0 h 
€^KS^lC«fc*JnJS«»3«. tt#>T1fc^jaS8 (tGHz ) ©mm 
3 CDF F A GiPji»^*5V>T^ 1 2 OM^H^LT tf- 
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@^i#M?«m*^D^il-2©m^4{IiJcD^2 a (4. ^-r&«^fc'- • 
If 2 14. ^^^mcD^JS^MI^t? If £ «fe -5 3 EWEnJ»te3d$ 
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*t&wmfcx*& o . 2 o ^ fi^ma© 2 1 omm\z.3&®XMB 2 2 * 

asbTl^^ 1 0 Me V©#D&«ffi£W&fc«>G>LfcJ\ Milmt?*5. 

»^k*-AAf^Pl 1 ^o^TSfcHB-r-S. IH3^«^tf-AA^l 1 

-fl$5 1 5 (3 J: 0ttitd<JtgS3g 1 0 F^ffitffcftT. MtmfrV-J* 1 6 ttl 

<§>o 

(D¥!$tl 3^10^3 1 B&m<0*m2 0 0 1 - 3 3 4 4 6 I ^-izfflTjkVtzMM 

x ■? i-. mma 2 0 mmmmE 2 1 <omm\z$mmmfc 2 2 -zmir^mM 
m&£*mz.x^& 0 m 4 iz^x±^mm^E 2 0 ©ussra 1 0 

5' 2 ; ::+. -etien^-f ;U2 3a£n-f;b2 3 b^#HI$nTV^o 
* IT, Ifcj^mHffi 2 1 fc3fefW»»&5 22®3^;i/23afc23b ifiSfc 

#fl«S^K:^ft&fc#oT^£ 0 0cj3^Ep2 la, 2 2 aWU -^n^nil 
Jfc»£B2 1 ^^ff«^5 2 2©«»©£|q|*;5*bT^*. 



-9- 



WO 2004/039133 




PCT/JP2003/013656 



flimsy 2^u ? m^«a5 2 ncit^M-r. mil. ZE^^itO^U^m 

- > 3 - ^ < & 0 > z-i*<D*Mtm 0 tb ua^sictt 

So i©TO5 2 Ofciu i&Jt3£JKtf>— #|£UT. 0. 5T (7X7) @JKo«8m 
»1#bti^ 0 W8&E2 0 ^IT, jBe#SK5*«fflb-CfeJ;^. $ £ 

0' ti. 0 4©«S85 2 0 izts <blz^ WMMB&* : &l$rr&i'* v ha-^ 2 4# 

of:LTtJ:i>. f£fWBS$E2 2©n^;U2 3b=&tBSUT, 

m2-ebffl i %Vtz& s )lz > m4lzis^x'm&G(D— 4IL^L-tv^^\ |wj 

, n 5 (3*3v>tto5 2 o nmfemmizmmzj^ir&jm&x^Mm^ e— 

l«fl&5 2 0 (2 0 a~2 0 f ) *«HSgSB 1 0 flic 6{iIBB$n<g>#iJ£7*LT 
^S^\ ^M-r<i><fe-9(c:*?tf-A^mTO2 Ote«fc*B£fiB»#:ft<0tfJ*:JB?fc 
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% «^b*-A^\ mmmmi5&&&w±mmmi3i£*m^tzmimwii 3-e 

#Pii$*i£o il^iiS:ffl^^D^ll 3®3^. ja«ft*< 5 M H z HR 

1 0 0 MHzfl^ ii LT 5 0 0 kWGDl#-a-K:. flp&mjEfctgt 1 0 k V^1#S>n 

6CD^^t- 5 FMHIt?$»'2>o U^-r&J^l-. 1 0MeV~l bUeVlztm 

2 7©inji»^SP^©Komui^ -fe^^A*^ -fer^A^s. 
2 8<mvrnfr£. ^u>x2 9 ^ tm^rnt>n^> 0 

if- a 1 6 i o rt£A£tr*. Atwy-tr-A 1 6 14. 2 OK 

AtWf^-A 1 6 ^H^#ff 1 0 JSU -Jllotf^-A 1 7 fcft*. 

Bjjvr* «fc 9 «^tf-A 16,17 cDfi^^^DR^h^ o „ hT- 
-eipjisn-s. «^tf-Ai 8«> /^©insimjE t & ^ tf- a & & 0 
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2 7 zftmm*) &i-t§&izi,±^ mmw 2 5 2 7 

2 5 £j^wt§ 1 0 ft-e^i&u i^t:-A 2 7 2 5 mmjwl 

KLT. 1 0MeV~l 5Me Vl^Dl$tl/il?t*-A 2 7 M 
BR®, BB«iat©*tor)«rl^l'r*l^o«ttft"e**. ^©^S&Sctt. S^if-A 

mil. iMM^ito^aw^. ttz^ tr-AOJixm^ 
i£t»*ffl^*o^ *as©Jna»icJtiR ut, 
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tifcm-?e-A 1 6 i>\ tT-AAWSP 1 1 (3 J: 1 OPty-At^ti 
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SI 3{3j;0iPM$n^o 

<tl&(DT:\ Af^^tf-Al 6©fL^ti:. *^*;U**-^©«^ tf-Afiit 
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"e> fi^Xf^^ tfcoT. H^t'-A^^l OfgRh0 1mA~l OmA 

ft t IrI f IJK o 3 x h -ei^-e # „ 

V-^WiMMAEmnmE 4 2 £u tf-A;£SSP4 3 £:> fro, 2 

0 afr£> 2 0 e £ii^I^^£<fc$«j£LT^S;&;&* % HI 7 H^Rf HSStttBS! 
3£TOm^P?ift2 fcUtt*. 2 7' te«^c#;Mr--?&£ 1 0MeV~l 5 

SH 1 ©*^e-A#ljt^ffl«3£&4 1 K^#8f 1 0 2 5 h 

0 eOMO«ttJc#A*n. fl^lf-Alfiatl 6. 17, 1 8 ©ffiiE^ 
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^mMZffilE LW? b- a z&M-tz z t # £ 0 

m i o n i nnTv-i+wiMMJEmnmB i i iai»f?t-Aftioi 
^HfT^in^mEE^^ofcs^tf-A 1 8£, ^%<Dtmm±izti^m^m^ 

If b*-A 1 7' £t*LT^£ 0 Ift-Al 8©j&S§&Bl 8' -fc7°? 

Bf^:©*n^*i±^ni:o/-c«f b-A i 8^\ -fe7^A*@*fc^«^ 
2 s\zxm^tixm : b^m^<wiMmiE^tix'mT-^-^A 6£&d. b-A^ 

us 1 i mu m i st/n 2 ©b i (Dm?e-2*wiMMiEmmmfi 4 1 , 4 2 iz & 
zmFr e-i±wiM&WiiE*m^mz^irmr*$>& 0 m 1 2 ©«f b-Afi 
mmEmmwBA 1 , 4 2«, ift-i,i4wi-ei 8 oj^©s$tf£ (n*^ 

v>TV\ ££-?ni£S$0 t^^ct0(-IBa$tlT^^ o mfrbm<hfrfc£olZ 
„ t^^A«i*/ili-b7^A««52 8(3^tUT. ^lM^2©lf b-A 
fl^?iIEfflma54 1,42 fr\ lftf-Afe»1-e 1 8 Ojg©H$tf£tc:IBl§: 
£;faT'v^OT\ ^©^WEE^ftofcaf b-A l 8fr\ -fe7^A«@*fc 
^•7'*AHi2 8(cAI*$nTS^»J:<fL^IE$nT»f tf-A4 7 
fc ~ . b-Aj£S§|34 S^m^^tl^o 

01 2fcJ\ Ull 1 (-*5^^^@^™«f b-Afi}tv5 ^- U-i/a >?r^ 
•riHT'fe^o (Hd&^T. mm±¥&l5ft<V®£BR (mm) 

(mr a d) ^ttl^ 0 mfrbWbfrtek "9 (-> R=l 0 0 Omm. IP 
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7' *\ itlt.Otf-A2 7' <£>iI3i£[R)©g£i¥M (X Y¥M£:-r£) T* 

tf-A^fci±x^2 7' w\ u>X5 0, 5 ncj;D*©e-A&A<tt*3ftT 

„ t°>*-;bxy <y h 5 2 #qH*Vf <!> X, Y^f^^tl&il^J;^ 

mi Aim 9 <d ^-^mm^mi(Dmm^^m^m^m^m^7rsi-mnm 

X»&& 0 mi 4^*5^T. *i^t£-A2 7' #«l/>X^/c:t«^l/>X$> 
^>OC±^n^cDS^b-yr*^^-|> U>X5 3, 5 4 c7)|H^L^:^|BKjIilS&^cfc 0 

mmm^im.m^ummA oiz^mt, *^^-A*fc«xii2 7' h 

-AWfl^iE^T^. «?tf-AX«X^©|)iOmL.^\ ^^J^. fro. 

6 0 ^«^56 2 zmx-x^z&tf, m 9 (-^f @^iiM?^mm : ?ip^4 

2te. X£#fll 0 !*)(;: 6{i(62a~62f) WM£ftX^Z> 0 
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